ABSTRACT Peak expiratory flow (PEF) and plasma concentrations of platelet factor 4 and ,B thromboglobulin were measured before and after exercise in nine asthmatic patients and 12 non-asthmatic volunteers. Exercise was preceded by administration in random order of either placebo, salbutamol 200 jg, or sodium cromoglycate 2 mg from a pressurised inhaler. In control subjerts there were minimal changes in PEF and plasma concentrations of platelet factor 4 and ,B thromboglobulin. In the asthmatic patients the typical changes in PEF were seen on exercise; plasma concentrations of platelet factor 4 and ,B thromboglobulin rose significantly in parallel, the rise preceding the fall in PEF. The changes in peak flow and platelet activation induced by excercise were attenuated by prior administration of salbutamol or cromoglycate. These results indicate that exercise induced asthma is associated with a rise in platelet release products similar to that observed in antigen induced asthma.
boglobulin,3 and change in the platelet aggregate ratio.3 These findings have been interpreted to indicate that antigen induced asthma is accompanied by sensitisation of mast cells and release of chemical mediators. While there is general support for the idea that this pathway is concerned in antigen induced asthma, there is controversy about the role of mediators in exercise induced asthma.4-' We have therefore assessed platelet activation during exercise in asthmatic patients known to be susceptible to exercise induced asthma by measuring platelet factor 4 and f thromboglobulin. The results obtained in these subjects were compared with findings in non-asthmatic subjects undergoing similar exercise. On separate occa-sions the platelet release response to exercise was measured in the asthmatic subjects after administration of sodium cromoglycate and salbutamol, drugs known to modify exercise induced asthma.8
Methods
We studied nine asthmatic subjects attending the outpatient clinic (mean age 23 years) and 12 nonasthmatic members of the medical and laboratory staff (mean age 31 years). The details of the asthmatic patients are shown in the table. All subjects gave full informed consent to take part and the study was approved by the Leeds Western District research ethics committee. Both patients and control subjects discontinued all medication on the evening before each study day.
Exercise was carried out on a treadmill at room temperature (about 20°C) and all of the participants had experienced the procedure at least once before the study. The speed and elevation of the treadmill were adjusted for each individual so that six minutes of sustained submaximal exercise could be carried out. 15 minutes, laboratory measurements were made 10 minutes before the exercise period. They were repeated immediately after exercise and 10 and 25 minutes after exercise. Peak expiratory flow was measured with a Wright's 291 peak flow meter. At the same times blood samples were collected from an antecubital vein without venous stasis. A standard procedure regularly used in the laboratory was followed to minimise activation of platelets during collection and processing of blood. Venepuncture was carried out with minimal trauma and avoidance of suction in the syringe, a 19 G Butterfly cannula being used. The first 2 ml of blood was taken into a syringe and discarded. A second syringe was used to collect the next 5 ml of blood, which was immediately and carefully decanted into an ice cooled test tube containing EDTA, theophylline, and prostaglandin E1 to inhibit platelet activation. Blood was mixed by gentle inversion of the tube and the samples were kept in melting ice for 30 minutes, before centrifugation at 2200 g and 4°C for 30 minutes. Aliquots of platelet poor plasma were removed from the middle layer of the supernatant plasma and stored at -70°C until they were assayed. Plasma concentrations of platelet factor 4 and / thromboglobulin were measured by radioimmunoassay with the kits supplied by Abbott Laboratories and Amersham International respectively. The normal ranges for our laboratory, obtained from 20 normal subjects aged 22- 
Results
Both asthmatic and control subjects exercised to a similar extent, with mean (SEM) increases in pulse rate of 69 (4) and 70 (5) beats per minute respectively. Exercise did not cause any distress to patients or normal subjects. Exercise did not greatly affect PEF or platelet release proteins in the control subjects (fig 1) . There was a small, transient rise in the values of all three measurements after exercise but this attained significance only for PEF (p < 0.05).
Individual results for platelet factor 4 and ,B thromboglobulin in the asthmatic subjects before and after exercise are shown in the table. The individual rises in platelet factor 4 and / thromboglobulin were significantly correlated r = 0.83 (p < 0.01).
In the asthmatic subjects PEF measurements showed typical exercise induced bronchoconstriction (fig 1) . There was no significant change immediately after exercise but 10 minutes afterwards there was a significant mean fall of 1141 min-1 (p < 0.01) below the resting value, and PEF had not returned to nor- 2) also prevented platelet activation after exercise in the asthmatic subjects (p < 0.05); there was no significant difference in activity between the two drugs.
Discussion
The results indicate that platelet activation accompanies episodes of exercise induced asthma, with significant increases in plasma of the proteins platelet factor 4 and ft thromboglobulin. This response is not likely to be due to exercise alone, as there was an insignificant rise in the concentrations in nonasthmatic subjects, results that are in keeping with the findings of others.9 '0 The association between bronchoconstriction and release of platelet proteins is strengthened by the observations that the rise accompanying exercise in patients given placebo was abolished by prior administration of salbutamol or of sodium cromoglycate. These experiments support the hypothesis that the release of platelet proteins indicates activity of mediators to which platelets are sensitive and is not merely an epiphenomenon associated with bronchoconstriction. Plasma platelet factor 4 and more noticeably # thromboglobulin were considerably increased in asthmatic subjects at the end of the exercise period, before any reduction in PEF had occurred. This is consistent with previous reports that when bronchial smooth muscle is challenged directly by methacholine inhalation bronchoconstriction results without increase in plasma platelet factor 4.' It seems likely that the increase in plasma platelet factor 4 and # thromboglobulin was derived from platelets. Although the former has been found in mnast cells1' and binds reversibly to vascular endothelium,12 p thromboglobulin is platelet specific.'3 Since the response of the two proteins is similar it is improbable that the material was derived from different sources.
The stimulus for platelet activation is not known, though platelet activating factor (PAF acether) might have this role. Platelet activating factor is a lipid derived from phosphorylcholine, which can be released from platelets themselves, IgE sensitised basophils, and other inflammatory cells. 4 Experimental anaphylaxis in rabbits results in release of platelet activating factor and subsequent increase in plasma platelet factor 4 levels.'5 Injection of platelet activating factor in guinea pigs produces platelet dependent bronchoconstriction'6 and intradermal injection in man induces a rapid and delayed inflammatory reaction with a time sequence similar to that of clinical asthma.'7 Inflammatory cells in the lungs also produce prostaglandins and leukotrienes, some of which could activate platlets at the same time as inducing bronchoconstriction and acting as mediators of hyperreactivity of the airways.' 293 It is generally agreed that chemical mediators play a part in antigen induced asthma,218-2 but the evidence for their role in exercise induced asthma has been much less convincing.22-24 The present study indicates that platelet activation occurs after exercise in asthmatic patients to much the same extent as after antigen challenge.2 The findings are consistent with the view that exercise induced asthma, at least in part, is produced by chemical mediators.
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